.-The neural interaction between the cardiopulmonary and arterial baroreflex may be critical for the regulation of blood pressure during orthostatic stress. However, studies have reported conflicting results: some indicate increases and others decreases in cardiac baroreflex sensitivity (i.e., gain) with cardiopulmonary unloading. Thus the effect of orthostatic stress-induced central hypovolemia on regulation of heart rate via the arterial baroreflex remains unclear. We sought to comprehensively assess baroreflex function during orthostatic stress by identifying and comparing open-and closed-loop dynamic cardiac baroreflex gains at supine rest and during 60°head-up tilt (HUT) in 10 healthy men. Closed-loop dynamic "spontaneous" cardiac baroreflex sensitivities were calculated by the sequence technique and transfer function and compared with two open-loop carotid-cardiac baroreflex measures using the neck chamber system: 1) a binary white-noise method and 2) a rapid-pulse neck pressure-neck suction technique. The gain from the sequence technique was decreased from Ϫ1.19 Ϯ 0.14 beats·min Ϫ1 ·mmHg Ϫ1 at rest to Ϫ0.78 Ϯ 0.10 beats·min Ϫ1 ·mmHg
during HUT (P ϭ 0.005). Similarly, closed-loop low-frequency baroreflex transfer function gain was reduced during HUT (P ϭ 0.033). In contrast, open-loop low-frequency transfer function gain between estimated carotid sinus pressure and heart rate during white-noise stimulation was augmented during HUT (P ϭ 0.01). This result was consistent with the maximal gain of the carotid-cardiac baroreflex stimulus-response curve (from 0.47 Ϯ 0.15 beats·min Ϫ1 ·mmHg Ϫ1 at rest to 0.60 Ϯ 0.20 beats·min Ϫ1 ·mmHg Ϫ1 at HUT, P ϭ 0.037). These findings suggest that open-loop cardiac baroreflex gain was enhanced during HUT. Moreover, under closed-loop conditions, spontaneous baroreflex analyses without external stimulation may not represent open-loop cardiac baroreflex characteristics during orthostatic stress.
arterial blood pressure; arterial baroreceptors; neck pressure; neck suction; head-up tilt ARTERIAL BLOOD PRESSURE (ABP) is well maintained during orthostatic stress, despite a decrease in stroke volume, as unloading of the arterial and cardiopulmonary baroreceptors leads to increases in heart rate (HR), sympathetic nerve activity, and peripheral vascular resistance (22, 33, 34, 42) . Notably, carotid baroreflex responses to orthostatic stress are not only due to changes in carotid sinus pressure but also may be influenced by an interaction with cardiopulmonary baroreceptors responding to decreases in central blood volume or pressure (6, 26, 29, 43) . Indeed, in human studies, reductions in cardiac filling with low-level lower body negative pressure to unload cardiopulmonary baroreceptors augment carotid baroreflex control of HR (4, 29) and forearm vascular resistance (6, 43) . Although the selectivity of low-level lower body negative pressure for stimulation of cardiopulmonary receptors has continually been challenged (9) , these data clearly indicate the potential influence of unloading cardiopulmonary baroreceptors on carotid baroreflex function. Moreover, it has been suggested that the interaction between carotid and cardiopulmonary baroreflexes is critical for the maintenance of blood pressure during orthostatic stress (5, 26) . Therefore, this neural reflex interaction may be of particular importance during postural changes.
Numerous techniques assessing the dynamic relationship between "spontaneous" fluctuations in ABP and HR, including the sequence technique (16) , the autoregressive multivariate technique (1) , transfer function analysis (2, 11, 13, 36, 44) , and the autoregressive exogenous input model (24) , have been used to provide an estimate of cardiac baroreflex sensitivity. These techniques are widely used, because baroreflex sensitivity can be derived from continuous recordings of cardiovascular data without physiological perturbation to the arterial baroreceptors. Overall, there is considerable debate on the utility of these dynamic baroreflex measures to estimate cardiac baroreflex sensitivity (3, 8, 21, 30) . This is likely due, in part, to the inability of dynamic measures to isolate arterial baroreflex responses from other closed-loop influences. Indeed, dynamic closed-loop baroreflex analyses have been shown to underestimate the open-loop characteristics of the arterial baroreflex (18) . Previous human studies employing these spontaneous dynamic analyses reported conflicting results regarding the interaction between the arterial and cardiopulmonary baroreceptors during orthostatic stress. In contrast to previous reports using the neck chamber technique to directly stimulate carotid baroreceptors (4 -6, 26, 29, 43) , dynamic analyses have suggested that orthostatic stress-induced central hypovolemia caused a reduction in cardiac baroreflex sensitivity (1, 2, 10, 11, 13, 36, 41, 44) . The exact reason for these discrepancies is unclear but may be due to the different approaches used to assess baroreflex control of HR, in that the results from spontaneous dynamic analyses may not represent open-loop baroreflex characteristics.
With this background in mind, the purpose of the present study was to comprehensively assess cardiac baroreflex function during orthostatic stress in humans. This was accomplished by identifying open-loop cardiac baroreflex gains at rest and during 60°head-up tilt (HUT) and comparing them with closed-loop spontaneous dynamic cardiac baroreflex measures. Kawada et al. (18) demonstrated that a binary whitenoise perturbation technique could identify the carotid sinus open-loop baroreflex transfer characteristics under closed-loop conditions. We employed this technique using the variablepressure neck chamber system to investigate the effect of orthostatic stress on the carotid sinus open-loop dynamic baroreflex transfer characteristics. Carotid-cardiac baroreflex measures were also derived from the rapid-pulse neck pressure (NP)-neck suction (NS) technique, a more traditional openloop carotid-cardiac baroreflex function measure. Both measures were compared with closed-loop dynamic cardiac baroreflex sensitivity derived from spontaneous oscillations in ABP and HR calculated using the sequence technique and the transfer function. Importantly, the assessment of open-and closed-loop methods during orthostatic stress in the same set of individuals would allow for direct comparisons of these methods, data that are not currently available in the literature. Indeed, it is difficult to compare data from previous reports using closed-loop baroreflex measures in one set of subjects with data from another study in a completely different group of subjects using open-loop baroreflex measures. In addition to different subject populations, direct comparisons are further confounded by the potential influences of different protocols and data analyses, as well as the degree of orthostatic stress induced. We tested the hypothesis that orthostatic stress would enhance carotid-cardiac open-loop baroreflex gain measurements, whereas in the same subjects a closed-loop spontaneous measure would be unable to detect this increase.
METHODS

Subjects
Ten healthy men (mean Ϯ SD: 22 Ϯ 4 yr old, 170 Ϯ 6 cm height, 65 Ϯ 9 kg body wt) volunteered to participate in the study. Subjects were moderately active and typically engaged in low (e.g., walking)-to-moderate (e.g., jogging, stationary bike)-intensity aerobic activities (3-4 days/wk), but importantly none competed in endurance events. Each subject provided written, informed consent after all potential risks and procedures were explained. All experimental procedures and protocols conformed to the Declaration of Helsinki and were approved by the Institutional Review Board (IRB) of the Faculty of Biomedical Engineering, Toyo University (IRB no. 2009-R-01). All subjects were free of known cardiovascular or neurological disease, and no subjects were taking prescription or over-the-counter medications. Each subject was familiarized with the equipment and procedures before the experimental session.
Physiological Measurements
HR was continuously monitored using a lead II ECG. Beat-to-beat ABP was measured using noninvasive tonometry monitoring (model BP-608, Omron Colin, Kyoto, Japan) on the wrist of the left hand (the radial artery), which was supported at the level of the right atrium on an adjustable padded bedside support. The respiratory rate was counted from the respiratory waveform by a nose-tip thermistor (model TR-511G, Nihon Kohden, Tokyo, Japan). All measurements were connected to an acquisition system (PowerLab 8/30, ADInstruments, Bella Vista, Australia) interfaced with a personal computer equipped with data acquisition software (LabChart 6, ADInstruments) for beat-to-beat recording of variables. Waveforms were sampled at 1 kHz, and real-time beat-to-beat values of HR and systolic, mean, and diastolic blood pressures (SBP, MBP, and DBP) were stored for off-line analysis.
Experimental Protocols
On experimental days, the subjects arrived at the laboratory Ն2 h following a light meal. The subjects were placed supine on a tilt table and then instrumented for HR, ABP, and respiratory rate. In addition, the subjects were fitted with a malleable lead neck collar that encircled the anterior two-thirds of the neck for application of NP and NS. The experimental session was composed of three 60°HUTs separated by Ն20 min. During HUT, the subjects were supported by a bicycle saddle without footboard to reduce leg muscle contraction and were requested to abstain from leg movement to reduce muscle pump activity. Each HUT was preceded by a period of quiet supine rest in which one of the baroreflex protocols described below was performed. The subject was then tilted to 60°, and after 3 min the same baroreflex protocol was implemented. An automatically controlled bed tilted the subject from supine to 60°at a rate of 2-3°/s. Thus, in ϳ30 s, the subject was tilted from supine to 60°. The order of the baroreflex protocols was randomized among the subjects.
Protocol 1: closed-loop baroreflex identification. Baseline hemodynamic data were collected over a period of 10 min during supine rest for calculation of cardiac baroreflex sensitivity using the sequence technique and transfer function analysis between HR and ABP without baroreceptor stimulation. Then the subject was tilted for ϳ13 min, with data collected for HUT sequences and transfer function analysis in the last 10 min. During data collection, the subject's respiration was controlled to maintain the respiratory rate relatively constant by using a metronome (ϳ0.26 Hz).
Protocols 2 and 3: open-loop identification protocols.
Carotid cardiac baroreflex function during supine rest and HUT was determined using the following two variable-pressure neck chamber methods.
PROTOCOL 2: WHITE-NOISE STIMULATION. The carotid sinus pressure was perturbed by a neck chamber system according to a binary white-noise signal (14) with a minimum switching interval of 0.5 s. We first generated a Gaussian white noise with zero mean based on a Fourier type of expansion (23) and treated the negative values as high values (Ϫ40 mmHg) and all others as low values (0 mmHg) of the binary signal. We used different sequences of a binary white noise for different subjects to ensure random stimulation. The white-noise stimulation was applied for 10 min at rest and during HUT. Upon assumption of the 60°HUT, we waited 3 min before applying white noise. During data collection, the subject's respiration was also controlled to maintain the respiratory rate constant by using a metronome (ϳ0.26 Hz).
PROTOCOL 3: RAPID-PULSE NP AND NS STIMULATION. Rapid trains of NP and NS were performed based on the protocol outlined by Pawelczyk and Raven (29) . Twelve consecutive pulses of NP and NS ranging from ϩ40 to Ϫ80 mmHg, each 500 ms in duration, were delivered to the carotid sinus precisely 50 ms after the R wave of the ECG to elicit maximum carotid baroreflex responses. These pulses were applied during a 10-to 15-s breath hold at end expiration to minimize respiratory-related modulation of HR and ABP. A minimum of three trains of NP and NS were executed at rest and during HUT, with ϳ45 s between successive trials to allow full recovery of HR and MAP (39) . As with the other baroreflex protocols, there was a 3-min delay prior to application of the first NP and NS train during HUT.
Transfer Function Analysis
Beat-to-beat SBP, MAP, estimated carotid sinus pressure (ECSP ϭ MAP Ϫ neck chamber pressure), HR, and R-R interval (RRI) were obtained by integration of analog signals within each cardiac cycle and then linearly interpolated and resampled at 2 Hz for spectral analysis (25) . At rest and during HUT, the transfer function gain between SBP, MAP (protocol 1), or ECSP (protocol 2) and HR (or RRI) fluctuations was calculated to estimate dynamic cardiac baroreflex sensitivity. The transfer function H(f) between SBP, MAP, or ECSP and HR (or RRI) was computed from the cross-spectrum between SBP, MAP, or ECSP and HR (or RRI) variability and the auto-spectrum SBP, MAP, or ECSP variability using the Welch method: H(f) ϭ S xy(f)/Sxx(f), where Sxx(f) is the auto-spectrum SBP, MAP, or ECSP variability and Sxy(f) is the cross-spectrum between SBP, MAP, or ECSP and HR (or RRI) variability.
The resampled data were segmented into 50% overlapping bins of 256 data points each. Linear trend removal followed by Hamming window treatment was applied to each segment before calculation of the transfer functions. The input power spectra of the binary command signals were fairly constant up to 0.5 Hz and diminished to noise level at 1 Hz. We estimated the transfer function data up to 0.5 Hz, and not beyond, since the estimation became greatly dispersed due to the lack of input power in the higher-frequency range. Spectral power was calculated in the low-frequency (LF, 0.05-0.20 Hz) and high-frequency (HF, 0.20 -0.30 Hz) ranges. The ABP fluctuations in the HF range, such as induced by the respiratory frequency, are transferred to HR; however, ABP fluctuations in the LF range are independent of the respiratory frequency and primarily reflect baroreflex mechanisms (25, 45) .
Sequence Technique Analysis
The beat-to-beat time series of SBP or MAP and HR or RRI were analyzed off-line using a customized computer program (Nevrokard, Izola, Slovenia). Briefly, sequences of three or more consecutive beats where ABP and HR changed in the opposite direction or ABP and RRI changed in the same direction were identified as arterial baroreflex sequences (15, 25) . A liner regression was applied to each individual sequence, and only those sequences in which r 2 Ͼ 0.85 were accepted. The slope of these sequences was calculated as a measure of spontaneous cardiac baroreflex sensitivity.
Carotid-Cardiac Baroreflex Function Analysis by Rapid NP and NS Stimulation
Carotid baroreflex HR responses were evaluated by plotting the peak changes in HR against the ECSP. The carotid baroreflex stimulus-response data were fitted to the logistic model described by Kent et al. (19) . This function incorporates the following equation: HR ϭ A1{1 ϩ exp[A2(ECSP Ϫ A3)]} Ϫ1 ϩ A4, where HR is the dependent variable, A1 is the range of response of the dependent variable (maximum Ϫ minimum), A2 is the gain coefficient, A3 is the carotid sinus pressure required to elicit equal pressor and depressor responses (centering point), and A 4 is the minimum response of HR. The data were fitted to this model by nonlinear least-squares regression (using a Marquardt-Levenberg algorithm), which minimized the sum-ofsquares error term to predict a curve of "best fit" for each set of raw data.
The gain was calculated from the first derivative of the logistic function, and the maximal gain (G max) was applied as the index of carotid-cardiac baroreflex responsiveness. Gmax was calculated as follows: Gmax ϭ ϪA1A2/4.
Statistics
Values are means Ϯ SE. A two-way ANOVA with repeated measures was employed to determine significant differences in cardiovascular variables and respiration during supine rest and HUT under control conditions and during binary white-noise NS. A Student-Newman-Keuls test was employed post hoc when main effects were significant. In addition, paired t-tests were used for comparison of the different cardiac baroreflex measures between supine rest and HUT. P Ͻ 0.05 was considered to represent statistically significant differences.
RESULTS
During HUT, HR was increased significantly, while SBP, DBP, and MAP were unchanged from supine rest with and without NS binary white noise (Fig. 1, Table 1 ). The closedloop cardiac baroreflex sensitivity derived from spontaneous oscillation in HR and BP, without NS stimulation, was decreased during HUT (Fig. 2) . These results were consistent for the sequence technique ( Fig. 2A) and the transfer function gain (Fig. 2B) , and there were no differences when RRI or HR was used as the dependent variable or when SBP or MAP was used as the independent variable. In contrast to these closed-loop analyses, the LF transfer function gain between ECSP and HR during the application of white-noise stimulation for open-loop identification of cardiac baroreflex sensitivity was increased from supine rest to HUT (from 0.12 Ϯ 0.03 to 0.17 Ϯ 0.03 beats·min Ϫ1 ·mmHg
Ϫ1
, P ϭ 0.02; Fig. 3A) . Conversely, the HF transfer function gain between ECSP and HR was unchanged during HUT (from 0.09 Ϯ 0.01 to 0.08 Ϯ 0.02 beats·min 
DISCUSSION
In the present study, dynamic open-loop cardiac baroreflex LF transfer function gain was enhanced during orthostatic stress using a binary white-noise perturbation technique with the neck chamber system. An increase in G max of the carotidcardiac baroreflex function curve was also observed during HUT. These data were in contrast to the reductions in closedloop cardiac baroreflex sensitivity derived from spontaneous oscillations in ABP and HR calculated using the sequence technique and transfer function analysis. These findings suggest that orthostatic stress-induced central hypovolemia enhanced open-loop dynamic cardiac baroreflex gain. Moreover, under closed-loop conditions, spontaneous baroreflex analyses without external stimulation may not represent open-loop arterial baroreflex characteristics during orthostatic stress. Collectively, these data add importantly to the ongoing debate of use of open-vs. closed-loop baroreflex measures to assess cardiac baroreflex characteristics. Indeed, the reduction in cardiac baroreflex sensitivity using closed-loop dynamic baroreflex measures without external stimulation during orthostatic stress may be due to the methodological approach used, rather than the physiological response. Thus the reliability of the concept that orthostatic stress causes dysfunction of the systemic circulation that is related to an attenuated cardiac baroreflex function seems debatable.
Frequency domain analysis for identifying closed-loop dynamic cardiac baroreflex sensitivity is based on the concept that HR changes in response to spontaneous beat-to-beat oscillations of ABP via arterial baroreceptors (27) . Therefore, spontaneous dynamic cardiac baroreflex sensitivity should reflect arterial-cardiac baroreflex gain around the operating point of the full baroreflex function curve (17, 25) . Indeed, Ogoh et al. (25) demonstrated that the gain at the operating point of the carotid-cardiac baroreflex function curve was associated with dynamic baroreflex gain measures calculated by the sequence technique and transfer function analysis at rest and during increasing exercise workloads. In contrast, cardiac baroreflex sensitivity measures derived from spontaneous fluctuations in ABP and HR during orthostatic stress (1, 2, 10, 11, 13, 36, 41, 44) were not consistent with the gains calculated from the carotid-cardiac baroreflex function curve evaluated with the NP-NS technique (4 -6, 26, 29, 43) . Indeed, studies using dynamic analyses to assess cardiac baroreflex sensitivity have consistently reported a reduced gain with cardiopulmonary unloading (1, 2, 10, 11, 13, 36, 41, 44) , whereas an increased carotid-cardiac baroreflex gain has been observed during orthostatic stress using the neck chamber technique to stimulate carotid baroreceptors (4 -6, 26, 29, 43) . One possibility for this discrepancy is that the dynamic spontaneous analyses in humans include closed-loop influences and, therefore, cannot accurately represent open-loop baroreflex characteristics during HUT. However, to date, no study has identified dynamic open-loop cardiac baroreflex function during orthostatic stress.
The findings of the present study provide insight into the discrepancy between these previous studies by directly comparing closed-and open-loop baroreflex measures during orthostatic stress in the same subjects. As reported previously (11, 13, 41) , cardiac baroreflex sensitivity derived from the sequence technique and transfer function gain between continuous recordings of ABP and HR were significantly decreased during HUT. Thus, without exogenous perturbation of the baroreceptors, a conclusion of diminished arterial baroreflex function would have been derived. However, in the present study, the carotid sinus open-loop dynamic baroreflex LF transfer function gain determined by the binary white-noise technique was significantly increased during HUT (P ϭ 0.02; Fig. 3A) , while the HF gain was unchanged during HUT (P ϭ 0.62). Because the HF range is significantly influenced by respiration, we focused our interpretation on the LF range, in which the ABP fluctuations are independent of the respiratory Values are means Ϯ SE. HUT, head-up tilt; HR, heart rate; RRI, R-R interval; MAP, mean arterial blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure. *Significantly different from control (P Ͻ 0.05). †Significantly different from supine (P Ͻ 0.05).
frequency and, therefore, provide an index that primarily reflects baroreflex mechanisms (25, 45) . Results similar to the open-loop LF gain were found with G max of the carotid-cardiac baroreflex function curve identified using the rapid-pulse NP-NS technique. Previous reports indicate that the mechanism of augmentation of cardiac baroreflex gain is due to an interaction with cardiopulmonary baroreceptors (6, 26, 29, 43) . Collectively, these data strongly suggest that open-loop dynamic cardiac baroreflex gain is augmented and that cardiac baroreflex measures derived without external stimulation do not represent open-loop dynamic baroreflex characteristics during orthostatic stress.
Estimates of the transfer function characteristics among cardiovascular variables are useful in providing insight into the mechanisms of circulatory regulation, particularly at rest (18, 25, 37) . Since the arterial baroreflex is activated dynamically on a beat-to-beat basis, analysis should include consideration of these transient, dynamic changes (18) . However, it is difficult to identify the dynamic transfer function characteristic of the arterial baroreflex because of the closed-loop system. Under such closed-loop conditions, changes in ABP lead to alterations in HR and sympathetic nerve activity via the arterial baroreflex, whereas the resulting changes in HR and sympathetic nerve activity, in turn, affect ABP. Therefore, this closed-feedback loop makes it difficult to identify the openloop transfer function characteristics by means of conventional frequency domain methods based on the Fourier transformation, which is mathematically noncausal (18) . Orthostatic stress significantly increases HR and sympathetic nerve activity, indicating that the net hemodynamic data collected include more feedback signals (i.e., counteracting signals), which may not be related to arterial baroreflex responses. Indeed, Kawada et al. (18) demonstrated that, even at rest, under the closed-loop condition, dynamic analysis calculated from continuously recorded hemodynamic data underestimates open-loop dynamic baroreflex function. In addition, it is plausible that the increases in cardiovascular parameters with orthostatic stress contribute to decreases in arterial baroreflex sensitivity identified by these closed-loop dynamic analyses. In other words, the increases in HR and cardiac output, along with other circulatory changes during orthostatis, would influence ABP and, potentially, under closed-loop conditions without external stimulation, enhance the possibility that baroreflex function will be underestimated. In addition, some studies have used the parametric estimation technique to assess closed-loop dynamic baroreflex function, such as the autoregressive moving average model of dynamic analysis (1, 44) . Of note, parametric estimation methods depend on the structure and order of the model selected. Thus, baroreflex function may not only be changed by the actual system response but also by the model used (18) . In general, there is considerable debate on the utility of dynamic baroreflex measures to assess cardiac baroreflex sensitivity, with some studies demonstrating correlations with traditional measures of cardiac baroreflex function (28, 35, 37) , while others have reported weak relationships (3, 18, 21, 30) . Perhaps some consideration should be given to the inherent differences in the methodological approaches used to assess baroreflex function, rather than expecting them to provide identical information (12) .
In the present study, we have compared cardiac baroreflex sensitivity measurements estimated from closed-loop dynamic transfer function analysis and the sequence technique with two open-loop carotid-cardiac baroreflex function measures derived with the application of NP-NS at rest and during HUT. In human studies, the variable-pressure neck chamber technique has several advantages to identify baroreflex function. Importantly, this technique can isolate carotid baroreflex-mediated responses without counteraction from aortic and cardiopulmonary baroreceptors under closed-loop conditions. Indeed, the brief period of stimulation typically used obviates any counterresponses emanating from extracarotid baroreceptors (7, (31) (32) (33) . In addition, the peak reflex responses of HR and ABP to NP-NS are unaffected by baseline hemodynamic changes (33) . Therefore, the baroreflex function curve can be identified and compared under a variety of conditions, including orthostatic stress. While pharmacological approaches could be used to assess arterial baroreflex control of HR (e.g., "modified" Oxford technique), this would be more challenging during HUT, as the systemic administration of pharmacological agents, particularly depressor drugs, can be problematic during the imposed orthostatic stress. In addition, the bolus infusions of phenylephrine and nitroprusside transiently load and unload cardiopulmonary baroreceptors, respectively, which would directly influence the cardiopulmonary baroreceptors. To be comprehensive, the present study identified dynamic carotidcardiac baroreflex transfer function with a binary white-noise technique, as well as with the rapid-pulse NP-NS technique. Importantly, the results were consistent and in contrast to those derived from closed-loop transfer function measures.
Perspectives and Significance
Taken together, the data from the present study indicate that previous studies using dynamic spontaneous cardiac baroreflex measures calculated from continuous recordings of hemodynamic data without exogenous perturbation (1, 2, 10, 11, 13, 36, 41, 44) appear to have not identified open-loop cardiac dynamic baroreflex function during orthostatic stress. Thus the reliability of the concept that orthostatic stress causes dysfunction of the systemic circulation, which was related to an attenuated arterial baroreflex function, seems questionable. Indeed, it has been suggested that the increase in the sensitivity of the carotid baroreceptor during orthostatic stress was related to orthostatic tolerance (5, 26) . Patients with syncope fail to increase carotid baroreflex gain during HUT (5). Importantly, these previous studies suggest that an increase in the sensitivity of the carotid baroreceptor reflex may be important in the maintenance of ABP during orthostatic stress, meaning that the failure of this mechanism contributes to posturally mediated syncope. Interestingly, the interaction between the carotid and cardiopulmonary baroreceptors has been shown to be attenuated in high-fit subjects (26) , possibly contributing to greater orthostatic intolerance in this group. However, reductions in cardiopulmonary (38) and aortic baroreflex (39) sensitivity have also been reported in endurance-trained athletes.
An important caveat for the present study is that the dynamic closed-loop baroreflex measures presumably encompass aortic and carotid baroreflexes, whereas the dynamic open-loop measures isolate the carotid baroreflex. The neck chamber technique has been used extensively to estimate arterial baroreflex control in human investigations. Importantly, with the use of the variable-pressure neck chamber to selectively describe carotid baroreflex control, the assumption is made that the aortic baroreflex operates in parallel with the carotid baroreflex and, therefore, will respond similarly (7, 32, 33) . Physiologically, aortic baroreceptors are integrated within the central nervous system in a manner similar to the carotid sinus baroreceptors, making this supposition very reasonable. Thus we believe that the response of the carotid baroreflex to orthostatic stress would be representative of the arterial baroreflex. However, since open-loop testing did not directly assess aortic baroreflex function, we cannot completely rule out the possibility that the differences between the closed-and open-loop techniques result from the inability to manipulate the full arterial baroreflex with the latter methodology.
In summary, we have provided insight into the discrepancy between previous studies reporting that cardiac baroreflex sensitivity was reduced or increased during orthostatic stress.
The present studies clearly demonstrate that this discrepancy depends on the methodology used to assess dynamic cardiac baroreflex function. Both of the open-loop measures of dynamic carotid-cardiac baroreflex gain were augmented during orthostatic stress, whereas the sequence technique and the closed-loop transfer function gain derived from spontaneous oscillations in ABP and HR were reduced. Therefore, in previous studies using transfer function analysis without baroreceptor stimulation, the finding of the reduction of cardiac baroreflex sensitivity during orthostatic stress may not represent the open-loop dynamic baroreflex characteristics. Overall, care should be taken when closed-loop dynamic analyses are used as a primary measure of cardiac baroreflex sensitivity during orthostatic stress. While these measurements are noninvasive and may have value under resting conditions, the current results demonstrate that, during HUT, further measures that drive the baroreflex system and attempt to "open" the closed-loop system by evoking clear baroreflex-mediated responses are needed for a full evaluation of baroreflex function.
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